Collapse of maxillofacial skeletal structures after trauma results in inadequate anteroposterior projection and increase in facial width with deformed facial aesthetics and various functional problems. After successful use of rigid external distractor for treatment of congenital facial hypoplasia, they have been used for treating more complex craniofacial anomalies. Six patients with posttraumatic orbitozygomaticomaxillary deformity were managed with intraoperative and/or postoperative use of rigid external distractor device. All the patients maintained the early postoperative aesthetic and functional results in their follow-up period. All patients that the device kept applied in postoperative period tolerated the device. There were no complications related to use of rigid external distractor. Rigid external distractor device is a useful instrument in management of traumatic facial deformities and can be used (1) in controlled traction for reduction of impacted bony segments, (2) as external fixator to decrease the number of plates for fixation, (3) to overcome the soft tissue tension over bony structures to enable the use of smaller screw-plate systems, and (4) for fine adjustment of bony segments after operation depending on the needs of the case demonstrated with postoperative control computed tomographies.
Key Words: Maxillofacial trauma, rigid external distractor C ollapse of maxillofacial skeletal structures after trauma results in inadequate anteroposterior projection and increase in facial width. Beside deformed facial aesthetics, this bony collapse gives rise to various functional problems, such as malocclusion or open bite.
1 A careful analysis of these patients and accurate reassessment of the positions of the maxillary buttresses are the keys both in acute repair of the complex midfacial fractures and the secondary reconstructions of posttraumatic deformities of the inadequately treated complex orbitozygomaticomaxillary deformities.
Open reduction with rigid internal fixation is the preferred method of choice for treatment of acute complex midfacial fractures, whereas conventional osteotomy and bone grafting are usually necessary for correction of secondary deformities of inadequately treated posttraumatic cases. Although use of distraction osteogenesis in maxillofacial deformities from old facial bone fractures has been recently reviewed, 2 advantages of use of distraction osteogenesis needs further discussion in terms of surgical technique and mechanism of action. In addition, we report the favorable results of this technique in both acute and secondary deformities of complex midfacial fractures.
PATIENTS AND METHODS
F our male and 2 female patients aged from 16 to 46 years (mean 29.5 years) with posttraumatic orbitozygomaticomaxillary deformity were managed with intraoperative and/or postoperative use of rigid external distractor device (RED System; KLS Martin L.P., Tuttlingen, Germany). Demographic data of the patients were summarized in Table 1 .
Patient 1
A 30-year-old male patient was admitted after a traffic accident with nasoethmoid and a right zygomaticomaxillary fracture extending to molar teeth, an anterior left maxillary sinus wall fracture, and a left infraorbital rim fracture ( Figs 1A, B) .
In detailed radiologic examination revealed that the left infraorbital rim fracture extended sagitally, and the medial segment of the fracture was displaced posteriorly. Right zygomaticomaxillary complex was fractured into 2 major and several minor segments. The right major segment was displaced 1 cm posterior to the right lateral orbital wall (Figs 1CYF). Neither ophthalmological nor intracranial injuries were detected on his physical and radiologic examinations in preoperative period.
Bilateral subciliary and right superior gingivobuccal sulcus incisions were used to get access to the fractured fragments. On the right side, replacement of the depressed zygomaticomaxillary segment was not possible with conventional techniques. Such anatomical alignment of the right infraorbital rim was achieved with titanium plate and screws, and segmental fractures were converted to a pyramidlike 1 major segment, in which the infraorbital rim was the base and molar teeth were the apex. Three 2-0 surgical steel wires were passed through corners of the pyramid and using percutaneous routes; they were connected directly to the distraction units of a RED II external distractor (Figs 1GYJ). On the left side, a 2-0 surgical steel wire was passed through the medial segment of the sagittal fracture line, and via a percutaneous route, it was connected to the distraction unit of the RED II external distractor. As a result, 3 distractor units were connected to the upper bar and 1 distractor unit was connected to the lower bar of the external distractor. Reduction of the segments was realized with intraoperative distraction. Distraction was applied to all of the wires consecutively. Segments were distracted until the anatomical contours were achieved. The right lateral wire was distracted for 10 mm, right medial wire was distracted for 7 mm, and the left medial wire was distracted for 6 mm. Medial canthoplasty was performed, and nasal fractures were fixed with intranasal packing and external nasal splinting.
Steel wires connected to the fracture segments were fixed to the distraction units in a tense position. Intermaxillary fixation was applied to guarantee the normoocclusion ( Figs 1KYN) .
No distraction was performed during the postoperative period, but the whole unit acted as a suspension device to zygomaticomaxillary-nasal region. No complication was seen in the postoperative period, and patient was discharged from the hospital at the fifth postoperative day. External distractor, wires, and intermaxillary fixation remained in place for 2 weeks, and the removal of the system was performed as an outpatient procedure (Figs 1OYP).
Patient 2
A 20-year-old female patient was admitted for an acute maxillofacial trauma after suicidal attempt, which was implemented by jumping from a height. History affirmed that, first, she hit the legs to the ground, then both of her legs were broken, and finally, she hit her face to her knees. Therefore, the main traumatic force to face was obliquely oriented from down to up and from anterior to posterior (Figs 2A, B) .
Radiologic examination revealed multifragmented Le Fort II fracture of the naso-ethmoidal and medial maxillary fractures of both sides and right mandible parasymphysial oblique fracture. Left maxillozygomatic fracture line was extending obliquely from left pterigomaxillary junction up to the radix nasi passing through the left orbital floor. Alveolar process of maxilla was mainly attached to left maxillary segment and separated from right maxillary segment by an oblique fracture extending from the base of right aperture priformis to the pterigomaxillary junction. Lateral wall of right aperture priformis was fractured and displaced as separate bone fragment (Figs 2CYE).
Due to influence of the upward directed force, the vertical length and projection of the face were shortened by the displacement of the fractured segments to the maxillary sinuses, especially on the left side of the face. Neither ophthalmological nor intracranial injuries were detected on her physical and radiologic examinations in preoperative period.
A custom-made rigid intraoral splint that was attached to maxillary teeth and a bracket to the teeth were applied by Orthodontic Department in preoperative period.
Bilateral superior gingivobuccal sulcus incisions and right superior gingivobuccal sulcus incision were used to get access to the fractured fragments. Peculiar minimal dissection was done to disturb the continuity of periosteal coverage over the fractured segments as minimal as possible. A 2-0 surgical steel wire was passed through a hole drilled on the zygomaxillary buttress of the left fractured bony segment and connected directly to the distraction units of a modified RED II external distractor after both ends of the wire were passed through the same hole of the overlying skin. Additional two 2-0 surgical steel wires were attached to the hooks of the rigid intraoral splint (Figs 2FYH). The intraoperative traction from all applied wires was applied not only to forward direction but also to downward direction, that is, exactly to the opposite direction of the impaction force caused by the trauma. Controlled reduction of impacted segment was achieved by slow traction of each applied wire by few turns of distractor units and waiting for some while between each tractions to overcome the soft tissue restrain. Rigid fixation with plate-screw application was done easily after complete reduction of the fractured segment, which was still hold steady by the applied RED II external distractor. Right nasomaxillary segment was reduced by intranasal elevation with ash septum straightening forceps and external manipulation. Minimally displaced oblique mandible fracture was achieved by 3 bicortically applied screws. Maxillomandibular fixation was achieved via brackets applied preoperatively. After external cast application, halo device was removed.
No complication was seen in the postoperative period, and the patient was transferred to physical rehabilitation unit for her lower extremity fractures at the third postoperative day. Maxillomandibular fixation was applied for 15 days (Figs 2IYK).
Patient 3
An 18-year-old male patient was admitted for reconstruction of left zygomaticomaxillary deformity resulted from tripot fracture after previous traffic accident occurred 1 year ago. He could not been treated for this particular problem in acute phase because of the associating closed head injury necessitating intensive care follow-up. Preoperative physical examination revealed left enophthalmos, decreased left malar projection, and decreased range of motion of temporomandibular joint of left side (Figs 3AYC). Radiological examination was consistent with physical examination findings, demonstrating the enlarged left orbital cavity due to inferolaterally depressed and healed zygomatic bone fragment, which was also restraining the full range of motion of the temporomandibular joint of that side (Figs 3D, E) .
Left subciliary and left superior gingivobuccal sulcus incisions were used to get access to the displaced zygomatic bone fragment. All the connections between the surrounding scarred soft tissue and the fractured segment were relieved with wide dissection, and healed fracture lines were renovated using fine osteotomes to maximize the mobility of displaced fractured segment. Considering the inability of microplate system to hold the bone in reduced position in anteroposterior dimension and the possibility of miniplate system to be palpable underneath the thin periorbital soft tissues, microplate system was used in conjugation with rigid external distraction system. A 2-0 surgical steel wire was passed through one of the holes of the micropalate applied to the infraorbital bone and connected directly to the distraction units of external distractor after both ends of the wire were passed through the same hole of the overlying skin. The wire was tightened enough to overcome the soft tissue stress, which would otherwise bend the microplate and lead to relapse of deformity (Figs 3FYH).
No distraction was performed during the postoperative period, but the whole unit acted as a suspension device. No complication was seen in the postoperative period. Patient was discharged from the hospital the day after surgery. External distractor and wires remained in place for 2 weeks, and removal of the system was performed as an outpatient procedure (Figs 3IYM).
RESULTS
A ll patients that the device was kept applied in postoperative period tolerated the device. There were no complications related to the use of rigid external distractor. All the patients maintained the early postoperative aesthetic and functional results in their follow-up period.
DISCUSSION
C omminuted complex maxillofacial fractures with loss of one or more of the buttresses of the facial skeleton usually result in collapse of facial bony integrity, which is clinically presented as inadequate anteroposterior projection and increase in facial width. Reestablishment of both horizontal and vertical buttresses of facial skeleton should be done with the utmost care in acute management of these complex facial fractures to avoid postoperative aesthetics deformity and functional problems, such as malocclusion, open bite, telecanthus, enopthalmus, shortened or retruded nose, short palpebral fissure. 1, 3 Although the precise reduction and rigid fixation of the fractured bone segments would definitely restore the facial integrity, it is not easy neither to reduce the impacted bone fragments nor to hold them in reduced position until rigid fixation is achieved with plates and screws. In addition, extensive surgical dissection done to expose the fractured segments and to prepare the bony segments for plate application may jeopardize the vascularization of fractured segments and even may lead to complete devascularization, which then compromise the bone healing process in postoperative period. Moreover, uncontrolled traction of impacted bones with bone holders, elevators, or towel clamps for reduction is an uncontrolled surgical maneuver that may end up with complete devascularization of that bony segment, especially if the comminuted bone segments are small. Controlled reduction of the bony segments is so important that it contributes to the success of reconstruction. Even if the devascularized bone segments can still be used as autografts to fill the defect, one cannot guarantee that the early postoperative reconstruction will last during the process of bone healing and creeping substitution of all these bone grafts.
Distraction osteogenesis has been used increasingly as treatment of congenital facial hypoplasia.
4Y6
Successful applications of distraction osteogenesis with halo distraction device in maxillary skeleton for treatment of severe maxillary hypoplasia associated with cleft palate patients have led to the application of halo distraction device to treat many more complex craniofacial anomalies. 7Y12 In our clinic, we used rigid external distraction device extensively and made several modifications to simplify its usage. 13Y15 We even demonstrated that this device can be used as external fixator after percutaneous reduction of noncomminuted zygomatic fractures with appropriate modification. 16 We used the external distraction device in management of more complex comminuted facial fractures. In complex midface fractures, fixing the fractured segments to each other may cause problems in the maintenance of the facial projection. Fixating the fractured segments to the already fractured and impacted nasoethmoid area and/or medial inferior orbital rims may not provide necessary support to fractured bone segments. In the first presented case, major bony segments were fixed to each other, and after anatomical reduction, the whole midface was suspended with an external distractor. In that sense, the external halo device was used as an external fixator rather than an external distractor. Suspension of the midface with an external distractor provides the deficient support force, retains the fragments, and lessens the number of plate and screws. In addition, suspension of the midface with an external distractor enables the surgeon to adjust the position of the midface at the postoperative period, if necessary.
In second and third cases, the bony segments were impacted to the maxillary sinus, and both the vertical and the horizontal buttresses of the maxilla were disturbed. It was hard both to reduce the impacted maxillary alveolar processes in controlled manner and hold them in reduced position until rigid fixation is achieved. In these patients, external distractor applied intraoperatively did not only make the controlled traction of the impacted fractured segments possible but also took over the role of the assistant surgeon holding the bones in reduced position until bone fixation achieved. In addition, halo device enables the use of principles of creep and stress relaxation in traction of the impacted fractured segments. 17 This device holds the fracture fragments under constant tension (creep). Then soft tissues relax under that tension (stress relaxation) and allow further advancement of the bony segments to their original positions intraoperatively. In these patients, halo device was removed after rigid bony fixation was achieved with rigid plate and screw fixation of fracture segments. In fourth and fifth cases, the nasoethmoidal fractures of facial skeleton were common. In these patients, we preferred to use the halo device both for controlled traction of midface for reduction of fractured bony segments and for suspension and stabilization of reduced segments. These cases were also managed with percutaneous application of screws and wires not to disturb the continuity of periosteal coverage over the fractured segments. We believe that undisturbed periostium layer over the bone fracture segments both helps the correct orientation of fractured segments during reduction with percutaneous traction and makes the healing of these segments better postoperatively. 16, 18, 19 In the last case, the wire was applied to the microplate used for fixation of an old fracture after its reduction. Apparently, the microplate was not strong enough to keep the reduced old fracture in appropriate position under the soft tissue tension covering the fracture line when they were used alone. Miniplates, on the other hand, were too thick for this anatomical localization. The advantage in using external halo device is that it helped this microplate in resisting the soft tissue tension until soft tissues relaxes with biological creep. 17 In that way, we managed the case with nonpalpable thin platescrew system while preventing the relapse of deformity in anteroposterior dimension due to the soft tissue tension.
One last advantage of the use of external distractor device in management of traumatic facial deformities is that this device can be modified as RED I, RED II, and RED III to adjust the vectoral pulling forces. Therefore, it is still possible to make same fine adjustments on the fractured bony segments in postoperative period by distracting some segments while keeping the others in place or even releasing to some extend according to the prospering needs of the case in postoperative computed tomographic scans.
In conclusion, rigid external distractor device is a useful instrument in management of traumatic facial deformities and can be used (1) in controlled traction for reduction of impacted bony segments, (2) as external fixator to decrease the number of plates for fixation, (3) to overcome the soft tissue tension over bony structures to enable the use of smaller screw-plate systems, and (4) for fine adjustment of bony segments after operation depending on the needs of the case demonstrated with postoperative control computed tomographies.
